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Major surgery places significant metabolic demands upon patients. The oxygen consumption increases by up to 50% in the immediate postoperative period, necessitating a significant increase in cardiac output and oxygen delivery. Patients unable to meet this metabolic demand may be at increased postoperative risk. 2 3 Exercise testing has previously been shown to provide an objective and reproducible assessment of cardiac and respiratory reserve before major surgery. Using formal cardiopulmonary exercise (CPX) testing involving cycle ergometry, ECG monitoring, and expired gas analysis, Older and colleagues 4 demonstrated a clear relationship between preoperative functional reserve, defined by anaerobic threshold, and operative risk. In June 2005, on the basis of this and other reports, the Improving Surgical Outcomes Group recommended the use of CPX before high-risk surgery. 5 Formal cardiopulmonary testing is a relatively expensive and time-consuming procedure, which may not be available outside specialist centres.
The incremental shuttle walk test (SWT) is a simple, reproducible test that has been widely used in the assessment of patients with cardiac failure and pulmonary diseases. 6 Distance achieved in an SWT correlates well with measures of oxygen uptake obtained through formal CPX testing. 7 Following an earlier audit of morbidity and mortality after oesophagectomy, we incorporated an SWT into our preoperative screening protocol. In this audit, we aimed to assess the usefulness of SWT in predicting outcome after oesophagogastrectomy.
Methods
An approval of local ethics committee was obtained to incorporate SWT into preoperative screening tests for patients undergoing oesophagogastrectomy. Between April 2002 and April 2005, 93 patients had an oesophagogastrectomy at the Royal Hallamshire Hospital, Sheffield. Service reconfiguration onto a single site during 2004 interrupted data collection, resulting in only 51 of these 93 patients completing an SWT before operation. The tests followed a standard protocol, subjects walking at increasing speed up and down a 10 m course marked out by two cones until unable to keep pace with a pre-recorded beep played on a tape recorder. 6 Heart rate and oxygen saturation were monitored using a portable oximeter. A self-reported weighted Duke activity questionnaire was completed by 34 of the 51 patients who undertook the SWT. 8 The primary assessment was the 30th day outcome of the 51 patients who performed an SWT before an oesophagogastrectomy. Data are expressed in terms of distance covered during SWT and mortality. Pearson's coefficient of correlation was calculated for the relationship between SWT distance and Duke's Activity Score.
Results
Among the 51 patients included in this audit, the distance covered during SWT ranged between 220 and 880 m (median 470 m). Overall mortality rate was 10% for the SWT cohort and 9% in the entire group of 93 patients, comparable with the UK mortality rate quoted by McCulloch and colleagues 1 of 12% in 2003. No patient who achieved an SWT distance greater than 340 m died within this period (n¼43) ( Table 1) .
Five of the eight patients with a measured SWT of 340 m or less died within 30 postoperative days (median 300 m, range 280-340 m). The average age of those who died was 72 yr and those who survived 63 yr. There was a poor, although statistically significant, correlation (coefficient of correlation 0.433, P,0.01) between the SWT distance achieved and the Duke Activity Score in our cohort (Fig. 1) .
Discussion
The utility of shuttle walk exercise testing has been recognized for some years by medical and surgical teams tracking disease progress in patients awaiting heart or lung transplantation. The test, although usually performed in a respiratory function laboratory, does not require sophisticated equipment or medical supervision. Shuttle walk testing, being symptom limited, correlates better with measures of anaerobic threshold obtained via CPX than time limited non-maximal tests such as the 6 min walk. Older's 1993 paper, demonstrating the value of preoperative CPX testing in high-risk surgical populations, continues to provoke interest and was the basis of the recommendation in the 2005 Modernising Care for Patients Undergoing Major Surgery report that objective assessment of functional reserve be incorporated into new standards of preoperative care in the UK. 5 Our audit has generated an incomplete data set, only 51 of 93 patients performing a preoperative SWT, and only 34 of those completing a Duke questionnaire. We did not prospectively collect demographic data or record specific pre-and perioperative morbidities or details of surgical technique. The principal outcome, mortality, was comparable in the SWT and non-SWT groups, however (and also with published national mortality rates), suggesting that our patient sample was representative.
This rudimentary study suggests that shuttle walk testing may be a useful alternative to CPX, the apparent discriminative value of 350 m in our population approximating to Older's anaerobic threshold of 11 ml min 21 kg
21
. There is a considerable co-morbidity in this surgical population, the mean of all SWT completed by our patient group being 489 m, less than the 503 m achieved by Morales' group of stable heart failure patients. 7 This co-morbidity was not evident, however, in subjective estimates of exercise capacity, with poor correlation between SWT and Duke Activity Scores and a wide variation in score at the 350 m threshold, reflecting perhaps the limitations of self-reported data in this setting. Patients with limited functional reserve may be unable to maintain adequate oxygen delivery to permit surgical wound healing, anastamotic failure being a common, and often catastrophic, early complication in this population. Current practice in our unit incorporates an SWT early in the staging process after referral. A borderline exercise test prompts further assessment for reversible factors impairing oxygen delivery. Heart rate and oxygen saturation before and during the test may provide an indication of underlying pathology. Nutritional supplements, smoking cessation, and encouragement to exercise can improve SWT performance over a few weeks before surgery. In cases where staging reveals advanced disease, a poor SWT can facilitate informed discussion between patient and medical team regarding operative risk and alternative treatment plans.
Further study is now required to validate this approach in this and other high-risk surgical groups. The morbidly obese or those with degenerative joint disease or vascular insufficiency may have difficulty completing an SWT or CPX; in some circumstances upper limb ergometry will provide helpful data and can be a useful training technique to improve preoperative fitness.
